INTRODUCTION
============

Hepatocellular carcinoma (HCC) is the second leading cause of cancer deaths worldwide, with an estimated global incidence of 782,000 new cases and nearly 746,000 deaths in 2012.^[@R1]^ In the present era of using hepatic resection for HCC, although improved diagnostic procedures, surgical techniques, and perioperative management have contributed to better outcomes,^[@R2]--[@R7]^ the high rate of recurrence after hepatic resection is a problem that impacts patient prognosis, with a cumulative rate of recurrence of 50% and 60% at 3 years and 60% and 80% at 5 years.^[@R8]--[@R12]^ Thus, the challenge for surgeons is how to predict recurrence and take interventional measures early on.

To date, certain characteristics of the prognosis of HCC have been investigated, and aspects such as microvascular invasion (MVI), poor differentiation, and tumor size have been identified as significant risk factors affecting prognosis after hepatic resection.^[@R13]--[@R16]^ Recently, numerous studies of different subgroups of patients, such as patients with hepatitis B virus (HBV)-related HCC, noncirrhotic HCC, or multinodular tumors, have focused on factors that predict postoperative survival and recurrence in patients with HCC.^[@R17]--[@R21]^ However, the characteristics of HCC and/or the patient\'s condition varied in those studies, so clinically and biologically significant predictors of tumor recurrence postoperatively are still unclear. In addition, evaluating predictive factors for recurrence of HCC is difficult given patients with multinodular tumors. Thus, the present study investigated independent prognostic risk factors associated with survival and recurrence in patients with single primary HCC with the specific aim of identifying preoperative predictors of tumor recurrence postoperatively.

METHODS
=======

Subjects and Follow-Up
----------------------

Subjects consisted of 384 consecutive patients who underwent curative hepatic resection for single primary HCC from 1997 to 2007 at the University of Tokyo Hospital, Tokyo, Japan, and this study was approved by the Institutional Review Boards of the University of Tokyo. For specimen of all cases, the surgical margins were negative. All patients were regularly screened for recurrence through monitoring of HCC-specific tumor markers of alpha-fetoprotein (AFP) and des-gamma-carboxy-prothrombin (DCP) every 1 to 2 months, ultrasonography every 2 months, and dynamic computed tomography every 4 months, as previously reported.^[@R22],[@R23]^ There are no cases who died within 1 month after surgery.

Recurrence was defined as the appearance of a new lesion with radiologic features consistent with HCC and was confirmed using at least 2 imaging modalities. Intrahepatic metastasis was identified according to the Liver Cancer Study Group of Japan: General Rules for the Clinical and Pathological Study of Primary Liver Cancer.^[@R24]^ The present study defined 1-, 3-, and 5-year recurrence-free survival (RFS) as the interval from surgery to the date of diagnosis of the first recurrence or a follow-up examination during the period in question, and 1-, 3-, and 5-year survival was calculated based on the time from surgery to death or follow-up during the period in question.

Data Collection and Analysis
----------------------------

Data on the following preoperative variables were retrospectively analyzed: age, sex, hepatitis B virus antigen, anti-hepatitis C virus, indocyanine green retention 15 minutes after administration (ICG-R15), gamma-glutamyl transferase (GGT), carbohydrate antigen 19-9 (CA 19-9), AFP, and DCP. In addition, tumor size and the postoperative pathological variables of histological differentiation, fibrocapsular infiltration, MVI (including cases of portal vein invasion or hepatic vein invasion), bile duct invasion, intrahepatic metastasis, liver cirrhosis, and TNM Classification of Malignant Tumors (TNM) stage were also examined (Table [1](#T1){ref-type="table"}).
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Statistical analysis was performed with the statistical software package SPSS version 22.0 for Windows (SPSS, Chicago, IL). Continuous variables were expressed as the median (range) and compared between groups using the Wilcoxon rank-sum test. Categorical data were compared using the χ^2^ test. Survival curves were generated by the Kaplan--Meier method and compared using a log-rank test. Multivariate regression analysis was performed with the Cox proportional hazards regression model using a backward elimination procedure in order to identify risk factors affecting postoperative survival and tumor recurrence. To prevent overfitting, only factors that were significantly associated with postoperative survival or tumor recurrence (with *P* \< 0.05 according to univariate comparison) were included in the multivariate analysis. Results of the multivariate analysis are presented as hazard ratio (HR) with a corresponding 95% confidence interval (CI). All statistical tests were 2 sided, and *P* \< 0.05 was considered to indicate a significant difference.

RESULTS
=======

Baseline Characteristics
------------------------

In total, 384 patients with single primary HCC who underwent curative hepatic resection (305 male patients and 79 female patients) and who had a median age of 65 years (range: 19--85 years) were studied (Table [1](#T1){ref-type="table"}). With a median follow-up of 57.5 months (range: 1--174.5 months), 253 patients (65.9%) had recurrence of HCC and 108 patients (28.1%) died. The 1-, 3-, and 5-year survival rates were 96.4%, 83.5%, and 68.9%, and the 1-, 3-, and 5-year RFS rates were 72.8%, 43.3%, and 27.0%, respectively. The overall survival rate and overall RFS rate was 71.9% and 34.1%, respectively.

Risk Factors Affecting 1-, 3-, and 5-Year Survival Postoperatively
------------------------------------------------------------------

To identify risk factors affecting 1-, 3-, and 5-year survival postoperatively, all selected preoperative variables and postoperative pathological variables listed in Table [1](#T1){ref-type="table"} were included in univariate analysis. Items with *P* \< 0.05 in univariate analysis were selected as variables for inclusion in multivariate regression analysis using the Cox proportional hazard model. As shown in Table [2](#T2){ref-type="table"}, GGT \> 100 U/L was a statistically significant independent risk factor affecting 1-, 3-, and 5-year survival, whereas high levels of AFP, DCP, and CA 19-9 were statistically significant independent risk factors affecting 1-, 3-, and 5-year survival, respectively. Patients with MVI had a poorer prognosis over time.
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Patients with GGT \> 100 U/L had a 1-, 3-, and 5-year survival rate of 92.0%, 71.6%, and 49.2%, respectively, and these rates significantly differed in comparison to patients with GGT ≤ 100 U/L, who had a 1-, 3-, and 5-year survival rate of 97.8%, 87.1%, and 75.0% (*P* \< 0.05 for the 1-, 3-, and 5-year survival of the 2 groups) (Figure [1](#F1){ref-type="fig"}A).

![Curves of survival and RFS for 384 patients with single primary HCC after hepatic resection. (A) Survival curves for patients with GGT ≤ 100 U/L or GGT \> 100 U/L. (B) RFS curves for patients with GGT ≤ 50 U/L or GGT \> 50 U/L. GGT = gamma-glutamyl transferase, HCC = hepatocellular carcinoma, RFS = recurrence-free survival.](medi-94-e810-g003){#F1}

In addition, GGT \> 100 U/L was also identified as a statistically significant independent risk factor associated with overall survival (HR = 1.971, 95% CI = 1.296--2.997, *P* = 0.002). Patients with GGT \> 100 U/L had an overall survival rate of 60.6%, which was poor than that in patients with GGT ≤ 100 U/L (75.6%) (*P* = 0.006).

Risk Factors Affecting 1-, 3-, and 5-Year RFS Postoperatively
-------------------------------------------------------------

The risk factors affecting 1-, 3-, and 5-year RFS postoperatively were also investigated using univariate analysis and multivariate analysis. As shown in Table [3](#T3){ref-type="table"}, GGT \> 50 U/L was a statistically significant independent risk factor affecting 1-, 3-, and 5-year RFS, whereas ICG-R15 \> 10% was a statistically significant independent risk factor affecting 3- and 5-year RFS. In addition, GGT \> 50 U/L (HR = 1.433, 95% CI = 1.092--1.881, *P* = 0.010) and ICG-R15 \> 10% (HR = 1.627, 95% CI = 1.213--2.182, *P* = 0.001) were also identified as a statistically significant independent risk factor associated with overall RFS. In addition, the presence of MVI or intrahepatic metastasis was also identified as a risk factor associated with tumor recurrence.
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Patients with GGT \> 50 U/L had a 1-, 3-, and 5-year RFS rate of 64.5%, 36.0%, and 21.7%, respectively, and these rates significantly differed in comparison to patients with GGT ≤ 50 U/L, who had a 1-, 3-, and 5-year RFS rate of 86.3%, 54.7%, and 36.5%, respectively (*P* \< 0.05 for the 1-, 3-, and 5-year RFS of the 2 groups) (Figure [1](#F1){ref-type="fig"}B). In addition, patients with GGT \> 50 U/L had an overall RFS rate of 27.4%, which was lower than that in patients with GGT ≤ 50 U/L (44.1%) (*P* = 0.001).

Relationship Between GGT, ICG-R15, and RFS
------------------------------------------

As shown in Table [3](#T3){ref-type="table"}, high levels of GGT and ICG-R15 preoperatively were identified as independent risk factors for postoperative recurrence. Of all 384 patients, 152 patients (42.6%) had GGT \> 50 U/L and ICG-R15 \>10%, 160 (44.8%) had GGT \> 50 U/L and ICG-R15 ≤ 10% or GGT ≤ 50 U/L and ICG-R15 \>10%, 45 (12.6%) had GGT ≤ 50 U/L and ICG-R15 ≤ 10%, and 27 were lost to follow-up.

As shown in Figure [2](#F2){ref-type="fig"}, patients with GGT \> 50 U/L and ICG-R15 \> 10% had a 1-, 3-, and 5-year RFS of 62.4%, 29.5%, and 14.1%, respectively. These patients had lower RFS rates than did patients in the other 2 groups with different levels of GGT and ICG (*P* \< 0.05, respectively). In addition, of all 384 patients, patients with GGT \> 50 U/L and ICG-R15 \> 10% had an overall RFS rate of 19.7%, which was lower than that in patients with GGT \> 50 U/L and ICG-R15 ≤ 10% or GGT ≤ 50 U/L and ICG-R15 \>10% (overall RFS rate of 33.8%), and patients with GGT ≤ 50 U/L and ICG-R15 ≤ 10% (overall RFS rate of 53.3%) (*P* \< 0.05, respectively).

![1-, 3-, and 5-year RFS rate for 384 patients, patients with GGT \> 50 U/L or GGT ≤ 50 U/L, and patients with the combination of GGT (cutoff of 50 U/L) and ICG-R15 (cutoff of 10%). GGT = gamma-glutamyl transferase, ICG-R15 = indocyanine green retention 15 min, RFS = recurrence-free survival.](medi-94-e810-g005){#F2}

Risk Factors Affecting 1-, 3-, and 5-Year RFS Postoperatively for Patients With a Tumor \< 5 cm in Size
-------------------------------------------------------------------------------------------------------

Numerous studies have reported that a large tumor is a factor influencing the recurrence of HCC. In the 384 patients in the present study, the median tumor size was 3.5 cm (range: 0.7--22.0 cm). One hundred thirty-six patients (35.4%) had a tumor ≥ 5.0 cm in size. In order to exclude the influence of a larger tumor size and further investigate the relationship between clinicopathological variables and recurrence, 248 patients with tumor \< 5 cm in size were further analyzed using univariate and multivariate analysis.

As shown in Table [4](#T4){ref-type="table"}, multivariate regression analysis using the Cox proportional hazard model with backward elimination identified the following variables as independent risk factors affecting RFS in 248 patients with a tumor \< 5 cm in size: GGT \> 50 UL for 1- and 5-year RFS, ICG-R15 \> 10% for 3- and 5-year RFS; a tumor ≥ 3.0 cm in size and the presence of intrahepatic metastasis for 1-year RFS, and the presence of liver cirrhosis for 5-year RFS.
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Relationship Between GGT, ICG-R15, and RFS for Patients With a Tumor \< 5 cm in Size
------------------------------------------------------------------------------------

Of 248 patients with a tumor \< 5 cm in size, 94 (41.8%) had GGT \> 50 U/L and ICG-R15 \>10%, 104 (46.2%) had GGT \> 50 U/L and ICG-R15 ≤ 10% or GGT ≤ 50 U/L and ICG-R15 \>10%, 27 (12.0%) had GGT ≤ 50 U/L and ICG-R15 ≤ 10%, and 23 were lost to follow-up.

As shown in Figure [3](#F3){ref-type="fig"}, 248 patients had a 1-, 3-, and 5-year RFS rate of 80.3%, 49.3%, and 31.2%, respectively. Patients with GGT \> 50 U/L had a 1-, 3-, and 5-year RFS worse than those with GGT ≤ 50 U/L (*P* \< 0.05). Patients with GGT \> 50 U/L and ICG-R15 \> 10% had a 1-, 3-, and 5-year RFS of 68.8%, 30.0%, and 13.3%, respectively. These patients had lower survival rates than did patients in the other 2 groups with different levels of GGT and ICG (*P* \< 0.05, respectively).

![1-, 3-, and 5-year RFS rate for 248 patients with a tumor \<5 cm in size, patients with GGT \> 50 U/L or GGT ≤ 50 U/L, and patients with the combination of GGT (cutoff of 50 U/L) and ICG-R15 (cutoff of 10%). GGT = gamma-glutamyl transferase, ICG-R15 = indocyanine green retention 15 min, RFS = recurrence-free survival.](medi-94-e810-g007){#F3}

DISCUSSION
==========

Owing to the high rate of recurrence after hepatic resection, the risk factors for tumor recurrence must be ascertained. That information could help to take interventional measures earlier and facilitate better surveillance to reduce the rate of recurrence and improve the quality of care for patients with HCC.^[@R25]--[@R28]^ The present study examined the postoperative pathological variables of MVI and intrahepatic metastasis. Several studies have confirmed that MVI and intrahepatic metastasis are risk factors associated with an increased risk of recurrence and decreased survival.^[@R29]--[@R32]^ The present study yielded similar findings.

The present study focused on preoperative predictors of postoperative survival and recurrence in patients with single primary HCC who underwent hepatic resection. GGT \> 100 U/L was identified as a preoperative independent risk factor associated with survival, and GGT \> 50 U/L and ICG-R15 \> 10% were identified as preoperative independent risk factors associated with tumor recurrence. Patients with GGT \> 50 U/L and ICG-R15 \> 10% had a worse 1-, 3-, and 5-year RFS, and this was also true for patients with a tumor \< 5 cm in size. These results suggest that combined information in the form of high levels of GGT and ICG-R15 warrants full attention as a preoperative predictor associated with tumor recurrence for patients with single primary HCC undergoing hepatic resection.

GGT is an important enzyme catalyzing the hydrolysis of glutathione and the transfer of gamma-glutamyl residues, and GGT has been widely used as a marker enzyme for some neoplasms, such as lung tumors and ovarian tumors.^[@R33]--[@R36]^ GGT was investigated and selected as a liver function test or liver enzyme in the 1960s and 1970s. Numerous clinical studies have noted a high level of abnormal GGT in patients with primary or secondary liver cancer.^[@R37]^ According to a study by Tsutsumi et al,^[@R38]^ analysis of GGT mRNA expression may provide a useful tool for diagnosis of HCC in its early stage as GGT mRNA may shift from type A to type B during the development of HCC.^[@R38]^ However, GGT is found to be abnormal in most patients with liver disease regardless of the cause, and a wide range of diseases and conditions (such as pancreatitis, obesity, and excessive alcohol intake) can also cause high levels of serum GGT.^[@R39]--[@R41]^ Thus, GGT was not considered to be a useful tumor marker for the detection of malignant liver disease for a long time.

Although GGT levels have a low level of specificity as a diagnostic marker of malignant liver disease, GGT has critical clinical significance as a prognostic maker with which to evaluate treatment and promptly facilitate selection of further treatment. This finding was revealed by studies based on different subgroups of patients published over the past 5 years. According to a study by Sheen et al,^[@R42]^ patients who had HCC with type B GGT mRNA had worse outcomes, earlier recurrence, and more postrecurrence deaths. Several studies of patients with HCC undergoing hepatic resection have revealed a correlation between elevated levels of GGT and worse survival for patients with HBV-related HCC, Child-Pugh A liver function, or multinodular tumors.^[@R18],[@R43],[@R44]^ In addition, several studies have revealed the predictive value of GGT in patients with unresectable HCC who were treated with transcatheter arterial chemoembolization or chemotherapy.^[@R17],[@R20],[@R21],[@R45]^ In the present study of patients with single primary HCC who underwent hepatic resection, receiver operating characteristic curves were plotted to identify the optimal cutoff value of GGT was 50 U/L for RFS and 100 U/L for survival. After analysis, GGT \> 50 U/L was identified as a preoperative independent risk factor affecting 1-, 3-, and 5-year RFS; GGT \> 100 U/L was identified as a preoperative independent risk factor affecting 1-, 3-, and 5-year survival. These findings further confirm the role of GGT as a preoperative independent risk factor associated with survival and tumor recurrence in patients with HCC.

Findings from numerous studies have suggested 2 possible molecular mechanisms for the association between GGT and the recurrence of HCC and poor survival. One is that GGT may be associated with worse liver function via induction of DNA instability and subsequent oncogenesis, whereas the other is that GGT may be associated with the degree of malignancy of HCC, such as vascular invasion, tumor metastasis, or a worse grade of tumor differentiation.^[@R46]^ GGT can facilitate DNA damage, genomic instability, and genetic mutation by increasing the uptake of iron,^[@R47]^ and iron has been identified as playing a role in carcinogenesis.^[@R48]^ This mechanism is thought to lead to the death of normal liver cells or the loss of normal liver function. GGT is reported to play a prooxidant role and the subsequent production of reactive oxygen species (ROS) may promote certain intracellular and extracellular molecular signals.^[@R49]^ Recently, ROS were reported to promote an epithelial-to-mesenchymal transition via the Snail-E-cadherin pathway^[@R50]^ and induce inflammation and invasion via the nuclear factor kappa B pathway.^[@R51],[@R52]^ A study of U937 lymphoma cells found that GGT may play a role in antiapoptotic signaling.^[@R53]^ Another study confirmed that cysteinylglycine, which is catalyzed by GGT, is able to form complexes with cisplatin and that such adducts are not readily transported through the cell membrane.^[@R54]^ These mechanisms are thought to account for the progression of HCC, and the molecular mechanisms of the association between GGT and the recurrence of HCC and poor survival should be investigated further.

ICG-R15 is a common parameter for preoperative assessment of preserved hepatic function.^[@R55]^ ICG-R15 is reported to be an early indicator of hepatic dysfunction and it has been used preoperatively to plan the extent of partial hepatectomy by predicting the risk of dysfunction after surgery.^[@R56]--[@R58]^ ICG-R15 with a cutoff value of 10% as an upper limit of normal has been widely used in clinical practice in Japan.^[@R59]--[@R61]^ In the present study, ICG-R15 \> 10% was identified as a preoperative independent risk factor affecting 3- and 5-year RFS. Furthermore, patients with GGT \> 50 U/L and ICG-R15 \> 10% had a worse 1-, 3-, and 5-year RFS, and the same was also true for patients with a tumor \< 5 cm in size. These results suggest that combined information in the form of high levels of GGT and ICG-R15 could be a more convenient and accurate preoperative predictor with which to evaluate tumor recurrence postoperatively.

In conclusion, the present study identified the preoperative variables of GGT \> 50 U/L and ICG-R15 \> 10% as independent risk factors for tumor recurrence in patients with single primary HCC who underwent hepatic resection. Patients with high levels of GGT and ICG-R15 had a worse 1-, 3-, and 5-year RFS, and the same was also true for patients with a tumor \< 5 cm in size. Therefore, combined information in the form of high levels of GGT and ICG-R15 warrants full attention when evaluating tumor recurrence postoperatively. This information should help surgeons to take more effective interventional measures earlier in order to reduce recurrence and improve the quality of care for patients with HCC.

Abbreviations: AFP = alpha-fetoprotein, CA 19-9 = carbohydrate antigen 19-9, CI = confidence interval, DCP = des-gamma-carboxy-prothrombin, GGT = gamma-glutamyl transferase, HCC = hepatocellular carcinoma, HR = hazard ratio, ICG-R15 = indocyanine green retention 15 min, MVI = microvascular invasion, RFS = recurrence-free survival, ROS = reactive oxygen species.
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